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STUDIES ON RESISTANCE TO ANTIBIOTICS
I. THE ACTION OF PENICILLIN ON SOME GRAM-POSITIVE AND
GRAM-NEGATIVE ORGANISMS AND ITS POTENTIATION BY
VARIOUS INHIBITORS*
HENRY P. TREFFERS
The discovery of gramicidin, penicillin, streptomycin, and the
numerous other antibiotics known today has contributed materially
to the list of therapeutic agents available against micro-organisms.
However, the immediate enthusiasm which greeted their introduc-
tion has had to be checked by the realization that many of the
important organisms affected readily develop resistance to the anti-
bioticagents, just as they have to the sulfonamides. Further knowl-
edge of the mechanisms by which organisms acquire such resistances
may be fundamental to our understanding of the mechanism of
action of theantibiotic. On the practical side, too, there is the possi-
bility, remote as it may be, that insight into the problem might
enable effective countermeasures to be instituted.
Our kn,owledge of the rOle of individual enzymes in metabolism
is due in part to the experimental use of inhibiting substances which
block these catalysts more or less specifically. The effect of loss
of a given enzyme on a particular system can thus be ascertained and
its contribution to the total metabolism evaluated.
In approachingthe problem ofthenatural and acquired resistance
of micro-organisms to penicillin we have been interested in the pos-
sible rOle of a known agent for destroying penicillin-penicillinase.
This enzyme (or -enzymes) has -been demonstrated to be present in
some but by no means all bacteria. Although there is definite
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evidence" 5 that there is no general correlation between the suscepti-
bility of an organism to penicillin and its content of penicillinase,
it is not impossible that 'there may be different mechanisms of
resistance for organisms which possess or do not possess penicillinase,
and that for the group which do have the destructive enzyme the
available data, based largely on determinations of extracellular
enzyme, may not fairly represent the actual amount of enzyme
operating.
Our approach to this problem began with an attempt to 'block
the action of penicillinase by the use of known inhibitors of this
enzyme6', 8 and to ascertain the increase, if any, in the susceptibility
of the organism to penicillin. As the experiments have progressed
we have employed a num'ber of other agents whose direct effect on
penicillinase has not yet been demonstrated. Even the first experi-
ment based on these considerations demonstrated a potentiation in
accord with the prediction. Interestingly enough, however, evi-
dence is acculmulating that one or more of the assumptions in our
reasoning does not hold under our experimental conditions and that
the positive findings recorded are, at least in part, the result of some
other processes.
Materials and methods
Brain heart infusion broth prepared from the Difco dehydrated
product was used throughout this study. The inhibiting agents were
Eastman Kodak or other C. P. reagents. Concentrated aqueous
solutions were prepared and sterilized by filtration, and subsequent
dilutions, prepared immediately before use, were added to the broth
medium with aseptic technique. The sodium penicillin employed
has been that prepared by the Schenley Laboratories. Stock solu-
tions containing 10,000 Oxford units per ml. were prepared at fre-
quent intervals and preserved in the cold. Further dilutions were
made immediately before use. We are indebted to Dr. Sara E.
Branham of the National Institute of Health, Dr. Rebecca C. Lance-
field of the Rockefeller Institute for Medical Research, and Lt. Col.
G. F. Luippold of the Army Medical School for supplying many of
the cultures used. The remainder have been obtained from the
stock collection of this department.
Constant volumes of the brain heart infusion broth, usually 3.5
ml., were dispensed into tubes from a syringe pipette and sterilized
by autoclaving. To these were then added 0.5 ml. portions of
610STUDIES ON RESISTANCE TO ANTIBIOTICS
inhibitor or penicillin dilutions, or both. Before inoculation the
total volumes were adjusted to 4.5 ml. with sterile distilled water
where necessary. Finally the tubes were inoculated with 0.5 ml. of
the culture dilution selected and then incubated for 18 hours at
370 C., afterwhich theorganisms were killedbyimmersing the tubes
in boiling water for 10 minutes. As in the standard turbidimetric
assay for penicillin activity the density of growth could then be
safely determined in open quantitative cuvettes with a photoelectric
colorimeter (Coleman spectrometer model 11). The wave-length
employed was that for which the broth absorption was minimal; for
most experiments this was 690 m,u. The data are recorded in the
form o'f optical densities as these are linear over a wide range of
turbidities. The higher densities signify heavier growth.
For organisms of the same size or size distributions the optical
densities are proportional over this range to the numbers of bacteria.
As is well known, however, organisms grown in the presence of
penicillin frequently assume quite elongated shapes, increasing in
volume rather than dividing into separate components. In compar-
ing cultures grown in the presence and in the absence of penicillin
the optical density is thus a measure of the relative volumes (or
masses) raither than the numbers of bacteria.
Il two preliminary experiments we have investigated som.e of
the relations among turbidimetric optical density, viable plate count,
and direct microscopical count for Shigella dysenteriae grown in the
absence and in the presence of various amounts of penicillin. The
direct counts for cultures grown under the latter conditions cannot
be taken as more than estimates, due to the difficulty of distinguish-
ing individual filamentous particles. The results are nevertheless
of interest in that they indicate for iboth 2½2 and 18-hour cultures
grown in the absence of penicillin a quite constant ratio of about
8 x 108 organisms per unit of optical density. Under these condi-
tions from 50 to 100 per cent of the organisms were viable by plate
count. As would be expected, the number of organisms per unit
density was lower in 'the presence of penicillin, the ratios varying
from 2 to 9 (x 107). Within the precision of 'the measurements
there was no significant correlation with the concentration of peni-
cillin over the range 'of from 4 to 64 Oxford units per ml. The
per cent viability for a given turbidity or direct count was noticeably
influenced, however, and varied from 50 per cent at 2 units of peni-
cillin toless than 0.01 per cent at 64 units.
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The potentiating effect, demonstrated in more detail below, may
best be visualized from the following experiment. If a culture of
S. dysenteriae in the brain heart medium is incubated for 18 hours
maximum growth is obtained, of optical density 0.81. If to a
second tube 8 units of penicillin are added just before the inoculum
there is a slight reduction in the final level of growth, to density
0.66, or 81 per cent of that in the first tube. The addition to a
third tube of 0.003 per cent of the enzyme inhibitor iodoacetic acid
causes even less change, the final density of growth being 0.71, or
88 per cent of that of the first tube. If now to a fourth tube both
8 units of penicillin and 0.003 per cent of iodoacetic acid are added
practically complete inhibition ofgrowth is obtained, the final density
0.06 corresponding to 7 per cent of the growth without any inhibitor.
Thus, although singly the two agents penicillin and iodoacetic acid
result in growth inhibitions of 19 and 12 per cent, respectively, in
combination they exert an inhibitory effect of 93 per cent. From
parallel titrations with various amounts of penicillin alone it can be
estimated that it would require between 32 and 64 units to effect
this reduction in growth. A four- to eight-fold gain in the effective-
ness of the penicillin action has therefore resulted by combination
with a substance, iodoacetic acid, which by itself at the concentration
employed is only slightly inhibitory to the micro-organism.
After a number of such experiments had been completed it
became evident that there were several factors which influenced at
least the quantitative results obtained from day to day. Among
these variables were the amount of inoculum employed, the concen-
tration of the inhibiting agent, and the amount of medium in
relation to the other components.
The amount of inoculum could be partially standardized by
employing a four- to seven-hour subculture from an overnight cul-
ture started from one of the replicate agar stock slants. The latter
were prepared at intervals from the master slant. In our laterwork
the inoculum has been treated as a varia:ble and data have been
obtained over a moderately wide range of dilutions. In critical
regions the absolute amounts of penicillin obtained from different
lots, as well as those of inhibitors sterilized through candles having
varying degrees of absorption, were difficult to control with the
precision necessary to give reproducible absolute values of growth
each day. All comparisons have 'therefore been made with controls
run at the same time and with the same reagents. With this pre-
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caution conclusions as to the existence, and to a large extent the
magnitude, of the potentiating effect vary little with different
experiments.
Although all figures reported are the average of closely agree-
ing duplicate determinations, in a number of instances, particularly
in critical regions with sharp cutoffs, triplicate determinations were
made. In several systems for which two or more experiments dis-
agreed, and in which pipetting under sterile conditions appeared to
be the limiting factor, the necessary reagents were mixed before-
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Fig. 1. Influence of inoculum on the final level of growth obtained in the presence of peni-
cillin of the initial concentration indicated. Curve A: B. cereus, inoculum undiluted; Curve B:
B. cereus, inoculum diluted 1:100; Curve C: S. ambigua, inoculum undiluted; Curve D:
S. ambigua, inoculum diluted 1:100. Note that the penicillin scale has been increased for the
right-hand portion of the graph.
with the added assurance that the ratios of the various components
remained the same in each tube.
Effect of the amount of inoculum on the degree of inhibition
exerted by penicillin and otheragents: The amount of culture inocu-
lum employed exerts in most cases a noticeable quantitative effect
on the level of growth obtained in the presence of various agents.4 5
In certain cases this effect is so striking that qualitative conclusions
as to the "susceptibility" or "insusceptibility" of an organism to
penicillin may be completely dependent on the amount of inoculum
employed. In Fig. 1 are illustrated penicillin titrations for Shigella
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ambigua and B. cereus. The latter, although a Gram-positive
spore-former, exhibits an unusual resistance to penicillin. The con-
centrated inocula were in both cases 0.5 ml. of the standard culture;
the dilute inocula were 0.5 ml. of a 1: 100 dilution of the standard
cultures.
In the case of the enteric organism the larger inoculum gave
good growth even with 125 units of penicillin, the density level
dbtained being 0.38/0.98, or 39 per cent of that obtained in the
absence of penicillin. Growth was appreciably less with the more
dilute inoculum, the same density, 0.38, being obtained in the pres-
ence of as little as 4 to 8 units of penicillin. With 16 units of
penicillin the final density was only little more than that of the
initial inoculum in that volume, as determined from a control heat-
killed immediately after inoculation.
The scale of effect is shifted upward in the data for B. cereus,
a cutoff (i.e., a sharp decrease in the amount of growth) being
obtained for the dilute inoculum between 64 and 125 units of peni-
cillin, while the heavier inoculum yielded the maximum growth
density even with 1000 units of penicillin. An interpretation for
TABLE 1
EFFECT OF IODOACETIC ACID ON THE SENSITIVITY OF S. dysenteriae TO PENICILLIN
Optical densities (relative amounts of growth) after 18 hrs. of incubation
DIclutionof Final concentration ofiodoacetic acid, % x 104
wholeculture 0 3.5 7.0 15 30 45
no added penicillin
1:5 .88 .64 .52 .64 .59 .11
1:25 .81 .60 .52 .76 .70 .10
1:125 .80 .64 .39 .74 .70 .04
4 Oxford units penicillin per ml.
1:5 .78 .43 .38 .10 .12 .07
1:25 .75 .39 .78 .21 .10 .05
1:125 .77 .40 .64 .30 .18 .03
8 Oxford units penicillin per ml.
1:5 .76 .46 .11 .12 .06 .04
1:25 .68 .22 .26 .30 .09 .01
1:125 .45 .66 .52 .34 .04 .01
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analogous inoculum effects with staphylococci has been offered in
terms of penicillinase action.5 We have not obtained any indication,
however, that S. ambigu4 produces penicillinase.
Similar dependence on the amount of inoculum of the final level
of growth obtained in the presence of a number of agents is illus-
trated in many of the tables below. In a personal communication
Dr. S. E. Luria has suggested that at least soime of these effects may
be due to absorption, or reaction with the agent by the larger num-
bers of organism with consequent change in the concentration of the
agent. It maybe possible to verify this if sufficiently delicate analy-
tical methods can be found.
The effect of iodoacetic acid upon the growth of a smooth strain
of S. dysenteriae is illustrated in the first part of table 1. It will
be noted that at low concentrations of this agent the final level of
TABLE 2
EFFECT OF IODOACETIC ACID ON SENSITIVITY OF HEMOLYTIC AND NON-HEMOLYTIC
STREPTOCOCCI TO PENICILLIN
Hemolytic streptococcus
Inoculum: Iodoacetic acid concentration, % x 105
Culturedilutin 0 12 24 36 48
no penicillin
1: 25 .58 .57 .63 .64 .56
1: 125 .55 .55 .54 .01 0
0.0035 units penicillin
1: 5 .40 .51 .58 .45 .15
1:125 .32 .50 0 0 0
Non-hemolytic streptococcus
Iodoacetic acid concentration, % x 108
0 6 12 25 50
no penicillin
1: 25 .66 .40 .46 .26 0
1:125 .72 .56 .44 .22 0
with 0.15 units penicillin
1: 5 .62 .42 .50 .18 0
1: 125 .57 .40 .38 .13 0
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growth obtained is independent of the inoculum employed, but that
for some larger amounts there is actually an increase in the final
level for small initial inocula. If the incubation time is continued
for a number of hours beyond the standard time employed (18
hours) thesedifferences becoime smaller. These latter features have
not been explained as yet.
The effect of the further addition of 4 to 8 units of penicillin
per ml. of medium is given in the second part of table 1. It is evi-
dent thatgrowth has been much reduced inthesimultaneous presence
of the two agents. Similar increases in the inhibiting action of
penicillin through the action of iodoacetic acid have been ctbtained
with a rough strain of S. dysenteriae, with S. ambigua, and with
E. coli as test organisms.
The effect demonstrated is not limited to Gram-negative organ-
isms. In table 2 are recorded the results of an experiment with a
GroupA, type 19, hemolytic streptococcus. A verydefinitedecrease
in growth is to be noted in the tube containing 0.0035 units of peni-
cillin and 24 x 10- per cent of iodoacetic acid, when a sufficiently
small inoculum is employed. Analogous effects have been obtained
TABLE 3
EFFECT OF SODIUM AZIDE IN INCREASING SENSITIVITY OF S. dysenteriae TO
PENICILLIN
Optical densities (relative amounts of growth) after 18 hrs. of incubation
Inoculum: Finl concentration of sodium azide, %
Culture dilution 0 .003 .006 .012 .025 .050
no added penicillin
1: 5 .77 .68 .52 .38 .24 .20
1:25 .80 .68 .60 .25 .12 .10
1:125 .64 .73 .80 .10 0 0
with 8 units penicillin per ml.
1:5 .68 .56 .35 .10 .12 .14
1: 25 .59 .50 .12 .06 .04 0
1:125 .54 .42 .05 0 0 0
with 16 units penicillin per ml.
1: 5 .49 .43 .12 .05 .07 .08
1: 25 .57 .44 .44 .04 0 0
1:125 .56 .12 0 0 0 0
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with a strain of Staph. aureus and with B. cereus. A non-hemolytic
streptococcus from our culture collection behaves anomalously, how-
ever, in that the potentiating effect, if any, is very small (table 2).
TABLE 4
EFFECT OF GENTIAN VIOLET ON SENSITIVITY OF HEMOLYTIC AND NON-HEMOLYTIC
STREPTOCOCCI TO PENICILLIN
Optical densities (relative amounts of growth) after 18 hrs. of incubation.
Hemolytic streptococcus
Inoculum: Gentian violet concentration, % x 10
Culture dilution 0 3 6 12
no penicillin
1:25 .57 .58 .48 0
1:125 .54 .53 .36 0
with 0.0035 units penicillin per ml.
1:25 .48 .28 .14 0
1:125 .40 .22 .12 0
Non-hemolytic Streptococcus
Gentian violet concentration, %o x 105
0 3 6 12
no penicillin
1: 5 .85 .78 .66 .35
1: 25 .74 .67 .62 .20
1: 125 .70 .63 .48 .09
with 0.31 units penicillin
1: 5 .68 .70 .40 0
1: 25 .70 .46 .08 0
1: 125 .70 .38 .05 0
Sodium azide, another known inhibitor of penicillinase, results
in an action with penicillin which quite parallels that of iodoacetic
acid (table 3). The results could alsobeduplicated using S.ambigua
as a test organism.*
* Drs. Bondi and Dietz recently reported,2 at the Detroit meeting of the Society
of American Bacteriologists, data on the effect of sodium azide and penicillin upon
staphylococci and dysentery bacilli which are in substantial agreement with our
results, although our interpretations differ.YALE JOURNAL (OF BIOLOGY AND MEDICINE
Gentian violet, which has a selective effect on Gram-positive
organisms, also serves to increase the effect of penicillin upon them,
although as can be seen from table 4 the action is notice.ble at con-
centrations of the dye for which its own specific inhibitory effect is
very small. Of further interest is the fact that the non-hemolytic
streptococcus which was refractory to the combined action of iodoa-
cetic acid-penicillin is quite susceptible to the gentian violet-penicillin
(table4).
In view of the known relations between gentian violet and Gram-
positive organisms the above interactions are not altogether surpris-
ing. The same cannot be said, however, for the similar action upon
a typical Gram-negative organism such as S. dysenteriae (table 5).
TABLE 5
EFFECT OF GENTIAN VIOLET ON SENSITIVITY OF S. dysenteriae TO PENICILLIN
Optical densities (relative amounts of growth) after 18 hrs. of incubation
Inoculum: Gentian violet concentration, % x 104
Culture dilution 0 1.5 2.0 3.0 4.0
no penicillin
1: 10 .86 .95 .85 .83 .81
1:100 .85 .86 .88 .20 .02
1: 1000 .86 .87 .90 0 0
with 8 units penicillin per ml.
1: 10 .64 .74 .59 .58 .27
1: 100 .48 .65 .60 .30 .02
1: 1000 .62 .66 .04 .02 0
with 16 units penicillin per ml.
1:10 .43 .20 .17 .16 .06
1: 100 .63 .02 0 0 0
It will again be noted that the action of the dye itself, particularly
with large inocula, is quite negligible, although in combination with
penicillin nearly complete inhibition results.
In addition to the agents mentioned above potentiating effects
with penicillin have been obtained with derivatives of mercury
(table 6) and of antimony, with sodium fluoride, protamine, quinine,
and the detergent cetyl pyridinium bromide. The quantitative data
obtained with some of these are similar to those tabulated and need
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not be repeated, while the data on others will be of most interest
in comparison with those dbtained on homologous series of known
structure, which will be presenteed in another report.
TABLE 6
EFFEC.T OF MERTHIOLATE IN INCREASING SENSITIVITY OF S. dysenteriae TO
PENICILLIN
Optical densities (relative amounts of growth) after 18 hrs. of incubation
Without penicillin With 16 units penicillin per ml.
Inoculum: Merthiolate concentration, Merthiolate concentration,
Culture dilution % X 104 S X 104
0 2 4 0 2 4
1:5 .94 .81 .64 .72 .26 .03
1: 25 .93 .86 .62 .66 .03 .03
1: 125 .93 .84 .04 .68 .03 .01
The potentiating effect seith a penicillin-resistant organism: By
continuous cultivation in media of increasing penicillin concentration
we have been able to more than douible the penicillin resistance of
the strain of S. dysenteriae used in the previous experiments. It
was therefore of interest to see whether this variant strain would still
react to the combination of penicillin plus another agent.
TABLE 7
EFFECT OF IODOACETIC ACID ON SENSITIVITY OF PENICILLIN-RESISTANT S. dysenteriae
To PENICILLIN
Optical densities (relative amounts of growth) after 18 hrs. of incubation
Inoculum: Penicillin concentration, Oxford units per ml.
Culture dilution 0 8 16 32 64 128
no added iodoacetic acid
1:5 .84 .84 .82 .80 .57 .22
1: 25 .85 .86 .80 .63 .53 .04
1: 125 .84 .81 .82 .64 .40 .01
with 0.00075% iodoacetic acid
1: 5 .43 .40 .42 .33 .04 .04
1:25 .45 .38 .41 .31 .02 0
1: 125 .56 .46 .30 .62 .04 0
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The titrations given in table 7 are reversed from the usual order
in that penicillin is taken as the main variable, and only one level
of iodoacetic acid was employed. It is quite evident that even with
a low concentration of the latter the potentiating effect is still notice-
able, although the amount of penicillin necessary has been increased
somewhat. The two strains appear to be quite similar in their sen-
sitivity to the penicillin-inhibitor combination, the larger amount of
penicillin which is necessary for a given degree of inhibition of the
resistant strain being consistent with the fact that this additional
amount is also necessary in the albsence of other agents. Similar
effects have been observed with the merthiolate-penicillin combina-
tion (table 8). Further studies with other resistant organisms are in
progress.
TABLE 8
EFFECT OF MERTHIOLATE ON SENSITIVITY OF PENICILLIN-RESISTANT S. dysenteriae
TO PENICILLIN
Optical densities (relative amounts of growth) after 1 8 hrs. of incubation
1: 125 inoculum used throughout
Penicillin:
Oxford units Merthiolate concentration, % x 104
per ml. 0 0.6 1.25 2.5 5
0 .76 .76 .75 .65 0
8 .66 .65 .61 .06 0
16 .64 .58 .53 .20 0
32 .55 .63 .05 0 0
Discussion
The data above illustrate the observation that the combination
of penicillin with one of a variety of agents exerts a marked inhibi-
toryeffect on the growth of certain micro-organisms, although singly,
at the concentrations employed neither the antibiotic nor the poten-
tiating agent exerts any effect of this magnitude. The organisms
responding do not appear to be confined to any one class, since quite
siimilar actions have been obtained with S. dysenteriae (both smooth
and rough variants), S. ainbigua, E. coli, Staph. a'ureus, B. cereus,
and hemolytic and non-hemolytic streptococci. The present study
has been concerned largely with outlining the range of the poten-
tiating effect. In most cases only a single strain of an organism has
been studied and no claim can be made, therefore, that its behavior
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is representative of the species. A quantitative study of a large
number of strains of several of the organisms illustrating the poten-
tiating effect would be of definite interest in defining the significance
of the inhibitive response as a species property.
Of the organisms studied, two responded atypically. One, a
non-hemolytic streptococcus, did not respond to what might be
expected to be suitalbleconcentrations of iodoacetic acid and penicillin,
although a typical effect was obtained with gentian violet and peni-
cillin. The other, E. typhosa (Army strain 58) has not responded
typically to any agent which we have employed.
In addition to the agents with which we have worked there are
a number of others which have been reported to potentiate the action
of penicillin on one or more species of bacteria (see Hobby and
Dawson4 for literature). The potentiating effect of certain amino
acids reported by Shwartzman' is of particular interest in that it
occurs with both dysentery and typhoid bacilli, although the signifi-
cance of this difference from our results cannot be evaluated until a
more detailed study of the strain factor is attempted.
It was mentioned at the outset that the agents selected for initial
study were those which were known to block penicillinase activity,
in view of the possibility that the elimination of the activity of this
enzyme might increase the penicillin susceptibility of the organism
producing it. In examining our data, howevier, we must take
cognizance of the following: (1) in experiments with cell-free fil-
trates of B. coli, or with soluble penicillinase from a Gram-positive
spore-former,* we have not been able to effect a reduction in the
activity of the enzyme with the low concentrations of iodoacetic acid
used in the penicillin experiments; (2) iodoacetic acid and other
agents exert their typical effects even with S. ambigua for which we
have not been able to obtain any indication of penicillinase produc-
tion; (3) unpublished experiments in this laboratory have shown
that the potentiating effect of these agents is exerted equally as well
with streptomycin as with penicillin. No destructive agent corre-
spondingto penicillinase has yet been demonstrated for streptomycin.
From these lines of evidence we feel that the potentiating actions of
the agents mentioned need not, and under our experimental condi-
tions do not, involve inhibition of penicillinase as an essential step.
A number of the agents employed in the present study, particu-
*We are greatly indebted to Dr. A. J. Liebmann of the Schenley Research
Institute for a generous supply of active penicillinase.
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larly iodoacetic acid, sodium fluoride, and sodium azide are potent
inhibitois ot enzymes other than penicillinase. Their toxic proper-
ties are of course well known. Although the specificities of these
substances are probably not conmpletely established, each is known to
affect a number of systems, which in this instance do not overlap.
The specificities of most of the other agents are not nearly so well
known. It is possible that some of the potentiating agents may
affect a common enzyme system which cannotbe specified at presenti
it is unlikely that they all do so. We can therefore conclude that
even partial blocking of any one of several enzyme systems so affects
the metabolism of a susceptible micro-organism that a normally sub-
inhilbitive dose of penicillin becomes markedly or completely inhibi-
tory for growth.
The data of taible 8 indicate that the strain of S. dysenteriae
which has doubled its resistance to penicillin has not simultaneously
increased its resistance to either iodoacetic acid or merthiolate. In
addition, the magnitude of the potentiating effect with these agents
remains aslbefore if the amount of penicillin employed is multiplied
by the resistance factor of the organism.
In a recent s;tudy of the genetic aspects of penicillin-resistant
staphylococci Demerec3 has presented evidence that penicillin resist-
ance proceeds by stepwise mutation;s. It is conceivable that such
mutations might involve an increase in the amount or activity of
some enzyme system which had been blocked by penicillin so that
it no longer becomes the limiting factor for growth. The identifi-
cation of these steps with definite enzyme components would mark
an important advance in our knowledge of microbial resistance to
antibiotics. From the data given above it would appear that the
enzymes affected by both merthiolate and iodoacetic acid were not
involved in the mutation steps postulated, at least at this stage of
resistance, since otherwise the reactivities to these agents should be
quantitatively altered, as is not the case. The approach indicated
may therefore be of some value in exploring this interesting and
important problem.
Summary
1. Iodoacetic acid, sodium azide, gentian violet, merthiolate,
and a variety of other agents have been shown to potentiate the
inhibitory action of penicillin.
2. Amongthe micro-organisms affected by one or more of these
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combinations are S. dyseiteriae, S. ambigua, E. coli, Staph. aureus,
B. cereus, and hemolytic and non-hemolytic streptococci. Only a
single strain of each has been examined.
3. A penicillin-resistant variant has been shown to react to the
penicillin-inhibitor com!bination in proportion to its increased resist-
ance to penicillin.
4. Although a number of the agents listed are known to affect
penicillinase under proper conditions, evidence is presented that the
mechanism of the potentiating agent need not involve penicillinase
inhilbition.
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